Summary.-Twelve enzymes related to the direct oxidative and glycolytic pathways of glucose metabolism were assayed in 88 cancers of the cervix and 48 cancers of the endometrium of the human uterus, and the activities compared with those obtained from a group of control tissues. Significant increases for all but one of the enzymes studied (a-glycerolphosphate dehydrogenase) were found in cancer of the cervix, when compared with normal cervix epithelium. Hexokinase, phosphofructokinase, and aldolase appear to be rate-limiting in normal cervix epithelium; however, since the increase in activity of the first two in cancers was least of all the glycolytic enzymes, redundant enzyme synthesis probably occurs in the malignant cell for the enzymes catalysing reversible reactions. There was virtually no correlation between the activity of any enzyme measured in the cancer sample and histological assessments of the degree of malignancy of the tumour, or the clinical stage of the disease. All enzymes except pyruvate kinase had significantly higher activity in normal endometrium than in normal cervix epithelium, presumably reflecting the greater metabolic requirements of the former tissue. Only phosphoglucose isomerase and pyruvate kinase were significantly higher in endometrial cancer than in normal endometrium, and there were few significant differences between cancers of the cervix and of the endometrium, despite the marked differences in their tissues of origin. These results suggest the changes occur during malignant transformation to the activities of both regulatory enzymes and those catalysing reversible reactions, in a manner justifying the conclusion that the general metabolism of tumours is convergent.
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HUMAN malignant uterine cervix has a greater capacity for lactate formation than normal uterine cervix (Pedersen, 1968) and this may be a reflection of the elevation of the 5 enzymes studied by Pedersen (1975) . Considerable work has been done characterizing enzyme content of transplantable tumours in animals to assess the significance of glycolysis for neoplastic growth (Criss, 1971) and an extension of these findings to human malignancies was sought.
In this paper we report the activities of 12 enzymes in samples of normal and malignant uterine cervix and endometrium to provide a more detailed analysis of the enzymatic steps leading to this increase in glycolytic activity, and to correlate clinical features of the disease and histopathological features of the tumour with the observed biochemical changes. ' O s y ' ; 2 g , , t (Lowry et al., 1951; Drabkin and Austin, 1932 Beutler (1975) and Crabtree and Newsholme (1972) but were optimised for normal and malignant cervix, as previously reported (Marshall et al., 1978) and the conditions are shown in Table I . This optimisation involved investigation of the effect of substrate and cofactor concentrations, pH, the upper limit of assay linearity and, where indicated, the concentration of activators. The stability of the 12 enzymes stored in 50% glycerol was monitored over a 2-year period, during which only PFK and G6PD showed a significant decline in activity. Since there were no significant differences between the two categories and the numbers were small, the data were combined to provide a single group for normal endometrium in Table II . Figures 1-12 show the distribution of samples with respect to the specific activity (u/g protein) of each enzyme.
RESULTS
A summary of the significant differences between groups of samples is presented in Table III . Significance was assessed using Student's t test, but where samples were not normally distributed, the non-parametric Mann-Whitney U test (Siegel, 1956 ) was also used. There was agreement between the two tests in all except the one instance indicated in Table III. Comparisons within control material can be seen in Columns A, B and D (Table  III) . Three enzymes (Column A) showed a significant decrease in specific activity from the epithelial to the fibrous layer of surgically removed cervix (En, PK and 6PGD) and two enzymes showed a significant increase (PGM and aGPD Column (see Table III) Fibrous stroma 23-2(7 38) 13 -6(4-56) 17 -0(5 -8) 547 (170) 243 (67 6) 54 5(22 9) 16-1(11 -7) 8 92( 5 28) 197 (59) 236 (55) 385 (123) 807 (196) 22 A Necropsy samples 14 -1(5 -74) 11-2(5-61) 15-0(4-09) 497 (201) 162(51 -9) 1 -20(1 -73) 11.1(7 2) 7. 80(6-94) 171 (37) 212 (40) 435 (132) 941 (241) 16 B Malignant 65 0(49 7) 56 3(37 0) 30-3(19-6) 1660 (1260) 249 (131) 71 -5(45 -5) 62 4(39 1) 9-12(10-3) 586 (332) 739 (386) 1910 (2550) 2290 (1190) 88 C Endometrium Normal Malignant 44-7(14-2) 48-9(41-7) 35-5(11-6) 49 9(30 9) 28-9(10-3) 28-1(16-1) 983 (303) 1760 (1200) 328 (141) 338(198) 97 3(37 8) 91-4(61-4) 43-3(16-2) 55 7(36 5) 11-2(7.-16) 11 -4(7-82) 548 (173) 570 (299) 538(170) 686 (348) 582 (192) 1440 (1040) 2260(859) 2800 (1420) 14 48 D . at surgery and post mortem (Column B) showed that in the latter, 8 enzymes had significantly diminished activity (HK, PFK, Ald, G3PD, En, PGM, G6PD and 6PGD) and none were increased. Column D shows that all enzymes except PK had a significantly higher specific activity in normal uterine endometrium than in normal cervical epithelium. The changed enzyme levels associated with neoplastic transformation of cervix can be seen in Column C. On progression of cervical epithelium to malignancy, all enzymes except oiGPD showed significant increase in specific activity. In contrast, only 2 significant changes were observed in malignant uterine endometrium. These were elevations of the specific activity of PGI (P < 0.05) and PK (P < 0.005). Despite the great difference between 
DISCUSSION
In choosing appropriate control tissuies, one must be alert to variation in the native tissue due to normal physiological processes. The tissues of the uterus are exposed to hormonal stimulation which will affect their functioning up to the menopause. phase. In a later paper, Pedersen (1975) did not classify normal cervix material according to menstrual phase to examine the possibility that the enzyme levels that he was measuring were related to this parameter. In fact, the relative enzyme levels reported by Pedersen in normal cervix are very similar to those reported here (Table II) .
The difficulty of removing the epithelial layer of cervix without contamination by the underlying fibrous layer prompted us to compare their enzyme profiles. Column A, Table III, shows that 3 enzymes (En, PK and 6PGD) have significantly lower activity in the fibrous layer and 2 (PGM and oxGPD) show significant elevation. No quantitative comparison of these two layers of cervix is known to the authors. Langley and Crompton (1973) reviewed the histochemistry of cervix and pointed to general agreement about increases in aGPD and glycogen metabolism in the lower layers. While these two observations tie in with the quantitive elevations of G3PD, En, PGM, G6PD and 6PGD) in post mwrtem material remains obscure (Comparison B, Table III ). It is unlikely that the various conditions for which cervix samples were surgically removed could result in a uniform increase in enzyme levels. Loss of enzyme activity due to degenerative changes post mortem or to post-menopausal change seems more probable. Shonk and Boxer (1964) reported no loss of glycolytic enzyme activity in post mortem human tissues. Decreases in some glycolytic enzymes after the menopause have been reported by Rosa (1960) and this seems the most likely explanation.
In considering which material to use as a control for malignancy, the cell type from which the tumours originate must be known. These were all of squamous-cell type derived from the epithelial layer of cervix. The ages ofpatients with carcinoma of the cervix ranged from 26 to 83 with a mean of 56-6 years. The latent period for this disease is unknown and might be very variable; therefore many of the tumours studied would be derived from one or more pre-menopausal epithelial cells. Epithelial samples of cervix obtained at surgery were therefore considered the most appropriate controls for malignant tissue. All enzymes except PK were found to have a significantly higher specific activity in normal endometrium than in normal cervical epithelium (Column D, Table III ). This presumably reflects the greater metabolic needs of a tissue profoundly involved in reproduction, and with great regenerative and secretory capacity. Absence of a significant elevation of PK, or indeed of an increase proportional to that of the other enzymes, seems to rule out PK as a regulatory enzyme in endometrial tissue.
When cervical epthelium became malig- nant, all enzymes except oxGPD showed a significant increase in specific activity (Table III , Column C). These observations can be regarded as an increase in glycolytic and pentose-shunt potential per unit weight of protein, and are in accord with the observations of Pedersen (1968; . The profile of glycolytic-enzyme increases shown in Table IV Table IV that glycolytic enzyme increases in malignant tissue vary only between 1P6 and 3 8 times the normal level. Table IV also indicates the increases of these enzymes in carcinoma of cervix as reported by other workers. These ratios are more meaningful than the actual specific activities, although there is agreement as to relative enzyme activity, (e.g. HK was the least active glycolytic enzyme in all reported series). There is qualitative agreement between our results and those of Pedersen (1975) as presented in Table IV . Quantitative discrepancies Ayre and Goldberg (1966) and Kikuchi et al. (1972) for the enzymes LDH and 6PGD, and HK, respectively. oxGPD was not studied by these workers; that this enzyme alone showed no significant increase in malignant tissue may indicate lack of hydrogen-transport capacity relative to glycolytic flux, necessitating formation of lactate for regeneration of NAD +. This supports the suggestion of Boxer and Devlin (1961) that high aerobic glycolysis in malignant tissues is due to relative absence of hydrogen-transport capacity. The two-fold increases in activity of the pentose-phosphate-shunt dehydrogenases G6PD and 6PGD in malignant cervix were less than those quoted by other workers (Table IV) . Ayre and Goldberg (1966) stressed the importance of the pentose-phosphate pathway to the malignant cell in providing ribose-5-phosphate and NADPH for nucleic-acid synthesis.
The changes in specific activity of the enzymes described above show a remarkable parallel to the changes seen by Hilf et al. (1973) in carcinoma of the human breast. They described significant increases in HK, PGI, PK, PGM and G6PD, and a significant decrease in oaGPD activity. Thus, changes occur during malignant transformation to the levels of both 'regulatory' enzymes and enzymies catalysing reversible reactions, in a consistent and orderly manner, which justifies the conclusion that the general metabolism of tumours is convergent (Greenstein, 1945) .
